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THE RELATION BETWEEN ADMISSION BALANCE AND
FUNCTIONAL OUTCOMES FOLLOWING STROKE
REHABILITATION: A MEDICAL CENTER BASED STUDY

Jau-Hong Lin, Mao-Hsiung Huang*, Ching-Kuan Liu**, Young-Tso Lin*
and Chien-Hung Lee*#

This prospective study evaluated the clinical use of the Fugl-Meyer Balance
Scale (FMBS) on stroke patients during hospitalization and assessed the relation-
ship between balance score at admission to the rehabilitation program and func-
tional outcome at discharge. One hundred and sixty-three stroke patients admitted
to the in-patient rehabilitation department of a university-based medical center
between January 1 and December 31, 1997 were recruited for this investigation.
Functional ability was evaluated with the Functional Independence Measure (FIM™)
instrument, and balance was measured using the 7-item Fugl-Meyer Balance Scale.
These measures were assessed both at admission to and discharge from the inpa-
tient rehabilitation program. Pearson correlation and multiple regression analyses
were used to determine the relationship between balance and functional ability scores
at admission and rehabilitation outcomes at discharge, including length of stay,
functional gain, and efficiency. The results demonstrated that the balance score at
admission accounted for 6% of the variation in length of stay, once demographic
influences were controlled. The FIM efficiency score could possibly be predicted by
the balance ability at admission, which accounted for 3% of the variance. However,
the balance score could not provide predictive information about the FIM gain be-
yond that already provided by the FIM score at admission, which accounted for 4%
of the variance with demographic factors controlled. Overall, balance ability at
admission, assessed by the Fagl-Meyer Balance Scale, had no, or at least only little,
contribution to account for the variance in rehabilitation outcomes. These findings
suggest that the use of Fugl-Meyer Balance Scale at admission to stroke inpatient
rehabilitation seemed not to enhance the ability to predict rehabilitation outcomes.
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Postural adjustments act to keep the body’s
center of gravity close to the center of the base of
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support to maintain balance. Adequate balance
is crucial for performing most functional activities.
Balance, contributing to static and dynamic pos-
tural stability, has three basic components: main-
tenance of position, stabilization of voluntary
movements, and reaction to external disturbances.
Loss of any component will affect balance
reaction, and subsequently, function.
Impairment of balance results from a vari-
ety of reasons, such as pathophysiological changes
of neuromuscular system associated with illness
or injury, complications of medications, or the
normal aging process. As to physical therapists,
assessing and improving balance ability is an es-
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sential component for treatment of balance
disorders, especially those with a neurological
pathology, in rehabilitation programs®.

Traditional methods of balance assessment
have focused on the maintenance of posture, bal-
ance during weight shifting or movement, and re-
sponses to perturbation®?, It is difficult to find a
single, simple test to assess balance, largely due
to the nature of balance reaction that involves
complex sensorimotor processing. Many balance
tests exist, but not all tests are appropriate for all
patients. Several studies have found balance ca-
pability to be one of several predictors of functional
outcomes in stroke rehabilitation®1?), However,
these studies did not use a standardized, widely
accepted, and practical measurement of balance. A
number of approaches have been taken for devel-
oping measures of the ability to balance"'®. Among
them the Fugl-Meyer sensorimotor assessment
(FMSA) has been claimed to have both face and
concurrent validity@®?2h, The entire instrument that
included seven measurable balance subitems has
been used to measure physical performance in
hemiplegic patients and has shown to have a good
correlation with the Barthel Index(". To the au-
thors’ knowledge, the relationship between Fugl-
Meyer balance scale and stroke rehabilitation
outcomes has not been studied.

The present study had two objectives: 1) to
evaluate the relationship between a measure of

balance and a measure of functional independence;
and 2) to determine if balance scores collected at
rehabilitation admission were predictive of reha-
bilitation outcomes, including length of rehabili-
tation stay, improvement in functional indepen-
dence scores, and rehabilitation efficiency.

MATERIALS AND METHODS

Subjects

One hundred and sixty-three patients (93
males and 70 females) with a diagnosis of cere-
brovascular disease (International Classification
of Diseases [ICD]® codes 430-434, 437-438) were
recruited in this prospective study. They were ad-
mitted to the inpatient rehabilitation department
of our university hospital between January 1, 1997
and December 31, 1997. Consented subjects were
assessed by the same senior physical therapist
within 3 days of referral to the rehabilitation de-
partment for initial evaluation and reassessed
within 48 hours of discharge from the department
ward when functional recovery reached a plateau.

Balance ability was measured to perform the
FMSA balance subtest (Appendix 1). It is a 7-item
scale that mainly measures the amount of assis-
tance and the time tolerated during static stand-
ing balance and equilibrium reactions. A three-
point ordinal scale is applied to each item: 0) the

Appendix 1. Fugl-Meyer sensorimotor assessment of balance performance

Test Scoring

1. Sit without support

0—Cannot maintain sitting without support

1-—Can sit unsupported less than 5 minutes
2—Can sit longer than 5 minutes

2. Parachute reaction,
non-affected side

0—Does not abduct shoulder or extend elbow
1—Impaired reaction

2-—-Normal reaction

3. Parachute reaction, affected side
4. Stand with support

Scoring is the same as for test 2
0—Cannot stand

1—Stand with maximum support
2—Stand with minimum support for 1 minute

5. Stand without support

0—Cannot stand without support

1—Stand less than 1 minute or sway
2—Stand with good balance more than 1 minute

6. Stand on non-affected side

0—Cannot be maintained longer than 1-2
seconds

1—Stand balanced 4-9 seconds
2—Stand balanced more than 10 seconds

7. Stand on affected side

Scoring is the same as for test 6
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detail cannot be performed, 1) the detail can be
partially performed, and 2) the detail can be fully
performed. The maximum score for balance
subtest is 14.

Functional recovery was measured as im-
provement in the ability to perform the Functional
Independence Measure (FIM) instrument®. The
FIM is an 18-item, 7-level scale that is used to
assess the patient’s need for assistance or devices
in order to accomplish daily activities in six areas:
self care, sphincter control, transfers, locomotion,
communication, and social cognition. The change
in FIM scores from the beginning of rehabilita-
tion therapy to discharge from the department was
calculated as one measure of functional gain. An
efficiency index® of rehabilitation gains was com-
puted by dividing this functional improvement by
the length of rehabilitation stay. The length of
rehabilitation stay, measured in days, is the time
from rehabilitation commencement to discharge.

Data analysis

Descriptive statistics were calculated for all
subjects with respect to the demographic data,
clinical factors, balance scores, and FIM scores.
Pearson’s correlation coefficients were used to
analyze correlation between the balance scores
and functional outcome scores. Multiple regres-
sion analyses were performed to identify the rela-
tionship between balance and functional ability at
admission and rehabilitation outcomes at

discharge. All of the regression analyses were run
in three steps. Firstly, factors such as age, gender,
main language and marital status were forced into
the model. In the second and third steps, scores
from FIM score and FMBS at admission were in-
dividually entered as potential predictors of re-
habilitation outcomes. This multiple regression
approach was intended to evaluate the relative
contribution of balance and functional ability data
collected at admission about the prediction of re-
habilitation outcomes while controlling for the
possible influence of demographic factors. The
SAS 6.04 (SAS Institute, Cary, NC, USA) was used
for all analyses. For all statistical tests, the sig-
nificant level was set at alpha = .05.

RESULTS

Descriptive statistics for demographic data,
diagnostic findings, balance scores, and FIM
scores are shown in Table 1. Ninety-three (57.1%)
of total stroke patients were male. The average
age of onset of stroke among 163 patients was at
64.1 years old. The average length of time from
stroke onset to the beginning of rehabilitation
therapy was 24.9+21.2 days. The average length
of rehabilitation stay was 34.4 days. The mean
balance score was 4.3 at admission, compared with
6.7 on discharge. The mean FIM score was 55.2
at admission, compared with 72.2 on discharge.

Table 1. Basic data of stroke patients (n=163)

Item No. (%)

Gender Male / Female 93 (57.1) /70 (42.9)
Age (year) 64.1 (11.3)*

Onset to rehabilitation commencement 24.9 (21.2)*
Rehabilitation stay (day) 34.4 (17.2)*
Admission Fugl-Meyer Balance score 4.3 (3.6)*
Discharge Fugl-Meyer Balance score 6.7 (3.8)*
Admission FIM score 55.2 (23.9)*
Discharge FIM score 72.2 (27.2)*

FIM gain 17.0 (17.0)*

FIM efficiency 0.61 (0.73)*

Stroke type Infarction / Hemorrhage 100 (61.3) / 63 (38.7)

Side affected

Number of attack

Language

Marital status

Main care giver during hospitalization

Left / Right / Bilateral
First / Recurrent
Taiwanese / Others
Married / Others
Family / Care giver

72 (44.2) 1 65 (39.8) / 26 (16.0)
114 (69.9) / 49 (30.1)

148 (90.8) / 15 (92)

118 (72.4) / 45 (27.6)

103 (63.2) / 60 (36.8)

* Mean * Standard Deviation
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Table 2. Pearson’s correlation between balance and age, FIM scores, and outcome measures (n=163)

Admission balance score

Discharge balance score

Variable r p r p

Admission FIM score 0.59 0.0001 0.57 0.0001
Rehabilitation stay -0.25 0.0011 -0.15 0.0610
FIM gain 0.07 0.4077 0.44 0.0001
FIM efficiency 0.21 0.0084 0.45 0.0001

FIM = Functional Independence Measure

Table 3. Multiple regression analyses comparing balance score with FIM score at admission as predictors

of rehabilitation outcomes (n=163)

Predicted variable Independent variables R? Adjusted R? R? change
Rehabilitation stay Step 1: A 0.0588 0.0288
Step 2: A+B 0.1721 0.1403 0.1133
Step 3: A+C 0.1135 0.0794 0.0547
FIM gain Step 1: A 0.0380 0.0074  —
Step 2: A+B 0.0762 0.0406 0.0382
Step 3: A+C 0.0398 0.0029 0.0018
FIM efficiency Step1: A 0.0292 -0.0017 —_—
Step 2: A+B 0.0303 -0.0070 0.0011
Step 3: A+C 0.0605 0.0243 0.0313

FIM = Functional Independence Measure;
A = Demographic variables;

A = with demographic variables controlled;
B = Admission FIM score;

C = Admission balance score.

The mean FIM gain was 17.0. The mean rehabili-
tation efficiency was 0.61. The findings of medi-
cal examination included the stroke types, the af-
fected limbs, and number of attacks. One hundred
subjects (61.3%) were thromboembolic and the
other 63 (38.7%) were hemorrhagic. Seventy-two
(44.2%) had an affected limb on the left side, sixty-
five (39.9%) on the right side, and twenty-six (16.
0%) on bilateral sides. Forty-nine (30.1%) patients
had previous stroke history. As to main language,
90.8% of subjects spoke Taiwanese. In marital
status, 118 patients (72.4%) were married and 45
(27.6%) were divorced or widowed. Sixty (36.8%)
patients hired caregivers during hospitalization.
Table 2 shows the Pearson’s correlation
coefficients. At admission, balance score was posi-
tively correlated with the FIM score and rehabili-
tation efficiency score, but negatively correlated
with rehabilitation stay. No relationship was
present between the balance and the FIM gain
scores. The item scores at discharge indicated

there was no relationship between balance score
and rehabilitation stay. Balance score at discharge
was significantly correlated (p < 0.0001) with ad-
mission FIM score, FIM gain, and FIM efficiency.
Table 3 shows the results of regression analyses
of comparison between balance and FIM scores
at admission as predictors of outcomes, with de-
mographic variables taken into consideration.
With demographic variables influences controlled,
balance score at admission accounted for 6% of
the variance in the length of rehabilitation stay.
On the other hand, the FIM score can provide 11%
of the variance. FIM gain score was predicted by
FIM score at admission explained 4% of the vari-
ance above and beyond the influence of demo-
graphic variables, but the balance score did not
provide any predictive variance. The balance score
at admission accounted for 3% of the variance in
FIM efficiency score with demographic variables
controlled, but FIM score did not provide signifi-
cant predictive information.
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DISCUSSION

In this study, Fugl-Meyer balance score at'

admission was shown to have a moderate relation-
ship to the FIM score(r=0.59, p<0.0001). This
finding supports the view that balance has an im-
portant contribution to overall functional ability.
Therefore, for stroke patients, there is consider-
able scope for balance training to start as soon as
possible to improve the ability of activities of daily
living. Moreover, the negative correlation between
admission balance score and the length of reha-
bilitation stay implies that better balance ability
may shorten the length of rehabilitation and
hospitalization, and, presumably, lower the cost
of rehabilitation.

On the other hand, the result from this study
indicates that balance problems at rehabilitation
admission do not put a limit on patients’ poten-
tial for functional improvement after stroke
rehabilitation. This finding is similar to that of
Nichols et al"9, who also demonstrated little re-
lationship between balance and FIM gain score.
However, whereas in our study an easily adminis-
tered clinical instrument was used, Nichols et al.
used an expensive computerized force plate, and
not generally available system.

Additionally, Juneja ef 21.?% used the 14-
item, 5-point ordinal Berg Balance Scale to evalu-
ate a heterogeneous acute inpatient rehabilitation
population. Their findings suggested that routine
assessment of Berg Balance Scale at admission
might enhance the ability to predict rehabilitation
outcomes beyond that provided by assessment of
functional status alone. The primary finding of our
study was the weak relationship between the Fugl-
Meyer balance score and aspect of the rehabilita-
tion outcomes. The Fugl-Meyer balance score only
accounted for 6% of the variance in the length of
rehabilitation stay with demographic variables
controlled. Balance also could not predict FIM
gain, and only accounted for 4% of the variance
on FIM efficiency score. Since the FIM efficiency
score is a ratio-between FIM gain and the length
of rehabilitation stay, it is likely that the poor re-
Iationship between the Fugl-Meyer balance score
and FIM efficiency score further reflects the as-
sociation between balance and the length of re-
habilitation stay. Based on our finding, assessing
both FMBS and FIM score during the initial re-
habilitation evaluation for stroke patients seems
not to be reccommended. Despite these unexpected

results, the Fugl-Meyer balance scale demon-
strates as a simple and quantitative measure of
balance. Future study with the comparisons among
clinical measures of balance such as Fugl-Meyer
balance scale, Berg Balance Scale, and computer-
ized force plate system would be beneficial.

This prospective study of 163 stroke reha-
bilitation inpatients demonstrates the clinical use-
fulness of the Fugl-Meyer balance scale for this
population. The initial balance score was positively
correlated to the FIM score and rehabilitation
efficiency score. However, it was shown to account
for 6% of the variance in the length of rehabilita-
tion stay. The FIM efficiency score was predicted
by the balance score, with only 3% of the vari-
ance accounted for. The balance score did not
demonstrate predictive value for FIM gain. These
findings seem not to be helpful in setting goals in
relation to predicted functional outcomes for
stroke rehabilitation. Further investigation re-
garding outcome prediction with varied clinical
scales, supplemented by more objective
measurement, is necessary to clarify the relation-
ship between impairment and disability and opti-
mization of rehabilitation outcome.
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